1. There is still considerable debate about the most eective methods of sampling invertebrates in monitoring and assessment programmes. 2. The above-ground invertebrates of a limestone grassland in north-east England were compared between samples from pitfall traps and from a D-vac suction trap combined with a lightweight swish net (SW/DV). 3. Over 14 000 individuals were captured, with similar numbers in the pitfall and SW/DV samples. A total of 480 species of Hemiptera, Coleoptera, Diptera and Araneae was identi®ed and placed into 14 taxa for further analysis. 4. The pitfall sample produced species/specimen curves from which it was possible to estimate species richness for all the Coleoptera and Araneae taxa and the calypterate Schizophora. The SW/DV sample was adequate to estimate the species richness of Hemiptera, most Diptera taxa, herbivorous Coleoptera and Linyphiidae. 5. The proportion of Coleoptera and Araneae taxa that were method-unique was higher in the pitfall sample than the SW/DV sample and vice versa for the Hemiptera and Diptera taxa. Nevertheless, a relatively high proportion of methodunique species of most taxa was found in both sample types, indicating that they can each contribute to assessing species assemblages in grasslands. 6. Both pitfall traps and SW/DV samples are needed to estimate species richness in grasslands for all taxa except Heteroptera, Homoptera and Lycosidae. Herbivorous Coleoptera and Linyphiidae were collected in numbers adequate for assessing richness in both sample types, but more specimens were required in one or other sample for the remaining taxa.
Introduction
A comprehensive comparison of invertebrate taxa, collecting techniques, vegetation morphs and habitats does not exist, although comparisons between some variables have been made. For example, Kromp et al. (1995) estimated the density of arthropod groups using emergence traps, pitfall traps and a¯ooding method, and found that the size and mobility of taxa in¯uenced estimates of density. More frequent are comparisons of dierent collecting methods used to sample a single taxonomic the ground or web-builders inhabiting dierent parts of plants, and so require speci®c sampling methods (Cherrett 1964) . Finally, Denno (1994) demonstrated the in¯uence of grassland structure on the density and diversity of leafhoppers.
The herb-rich grasslands that have developed over outcrops of magnesian limestone in south and east County Durham, UK, have mostly been destroyed by agricultural intensi®cation and the habitat is now nationally scarce. Thrislington, the location of this study, has been considered an important area for plants and invertebrates since the 19th century. By the middle of the 20th century it supported the most extensive stand of primary magnesian limestone grassland in Britain and 10 ha were designated as a site of special scienti®c interest in 1984. In the early 1970s, an extension to the adjacent dolomite quarry threatened to destroy the site entirely but, as a result of public concern, part was left undisturbed and 5Á5 ha of ancient grassland was translocated as intact turves to an adjacent, previously quarried, area (Park 1989 ). Translocation took place over 8 years beginning in 1982, and following completion the site was designated as a National Nature Reserve.
An extensive programme of monitoring plants and invertebrates was initiated at Thrislington in 1982. Monitoring an invertebrate community can reveal how it changes over time. Once the species composition is known, it may be possible to target rare species or those that play a key functional role in the maintenance of the community, and design a sampling programme to monitor changes in their abundance. However, in the initial stages the feature most often used to assess change is species richness. It is therefore necessary to employ a sampling regime which ensures that less abundant species, or those not easily captured, are recorded because they may be the species that are most aected by disturbance.
Where the aim is to monitor all the invertebrates, several collecting techniques must be used as no single method will capture animals from all microhabitats. The methods chosen for this work were pitfall traps, a D-vac suction apparatus and a swish net designed to capture the most active and easily disturbed invertebrates. The samples dier in two important respects. First, they represent dierent parts of the total fauna, pitfall traps collecting mostly epigeal fauna, and swish net and D-vac mostly epiphytic fauna. Secondly, the patterns of accretion of individuals and species will vary because pitfall traps depend on the animals' activity and collect continuously from an unknown area, whereas the suction apparatus and swish net collect from a known area for brief periods.
The aim of monitoring invertebrates in this programme was to assess changes in species composition and richness over a number of years following grassland translocation. The objectives of this paper were to establish (i) which collecting method(s) allowed an estimate of species richness of 14 Coleoptera, Diptera, Hemiptera and Araneae taxa, and (ii) the extent of species overlap between sampling methods and consequently whether one or more methods are needed to estimate species richness of each taxon in the grassland habitat.
Methods

S I T E D E S C R I P T I O N
Thrislington grassland in east County Durham (NZ 318 228) is 110 m a.s.l. with an annual rainfall of approximately 500 mm. The calcareous plant community that has developed over thin soils derived from the magnesian limestone escarpment contains species found in northern arctic±alpine grasslands and in chalk grasslands of southern England. Blue moor grass Sesleria albicans Kit. ex Schult. and small scabious Scabiosa columbaria L. characterize the site, with over 140 vascular species recorded in total. A large number of nationally or locally scarce invertebrates are associated with the grasslands, including the Northern Argus butter¯y Aricia artaxerxes spp. salmacis Stephens 1831 and the glow worm Lampyris noctiluca L.
Two adjacent sites approximately 5 ha in area were sampled, one of which was to be translocated in 1983. The ®rst sample was taken in May 1982, then each following month up to and including September 1982, using three collecting techniques. The sampling programme was repeated at both sites in 1985 and 1988, giving a total of 15 months of data for each. Macroinvertebrates were counted and identi®ed by specialist taxonomists, except for (i) Isopoda (Philoscia muscorum (Scopoli) and Armadillidium vulgare (Latreille)), which were ubiquitous and super-abundant and of little value therefore in detecting change, and (ii) Mollusca and Lepidoptera, as none of the methods employed was suitable for these groups.
C O L L E C T I N G T E C H N I Q U E S
Pitfall traps
Nine plastic cups, 8 cm in diameter, were set without covers 2 m apart in a 3 Â 3 grid in each site. Ethylene glycol of 80% was used as preservative and the traps were set continuously and emptied monthly throughout May to the end of September in each year of study. No attempt was made to compensate for loss, which was approximately 10%.
Swish samples
The swish samples were designed to collect insects ying over the sward and visiting the tallest in¯ores-cences. These often escape the standard sweep-net technique, which is designed to collect amongst the grass sward and canopy. The aluminium frame was 0Á4 m in width on a 1Á5-m handle and was swept only over the topmost part of the sward. One sample unit was 20 strokes of 0Á75 m width taken at 0Á75-m intervals so that the area swept was 
Combined swish and D-vac samples (SW/DV)
For purposes of comparison with pitfall traps, the swish net and D-vac samples were combined (SW/ DV). Totals for the two methods could not simply be added together as many of the same species were found by both methods. Individuals were therefore treated as though they had been collected by a single method and species richness calculated for the combined data set.
Comparisons between collecting methods were based on totals obtained by combining sites, months and years for each technique. Where large numbers of species were involved, a choice must be made as to how to group them to ease analysis and interpretation. For preliminary analysis, species were placed in broad taxonomic groups. Where these were relatively uniform in function or behaviour, e.g. Carabidae and Staphylinidae, each family was retained as a group while others, such as the remaining Coleoptera families, were split into two groups with mainly herbivorous Coleoptera families in one group (Coleoptera herbivores) and mainly scavenger, predatory, parasitic or detritivore Coleoptera families in the other (`other Coleoptera'). The Sternorrhyncha (Aphidoidea and Coccoidea) were not identi®ed, and the remaining Hemiptera were treated as the two suborders, Homoptera and Heteroptera. The Diptera comprised the largest group and were divided into the suborders Nematocera, Brachycera and Cyclorrhapha, but with the latter split into Aschiza and Schizophora. The Schizophora were divided into the calypterate and acalypterate families. However, several groups were not identi®ed to species owing to lack of taxonomic expertise and these were excluded: Sciarinea (Nematocera), 130 specimens; Phoridae (Brachycera), 50 specimens; and Anthomyiinae (acalypterate Schizophora), 400 specimens. The Araneae were grouped as Linyphiidae, Lycosidae and`other spider' families. The families included in the non-familial groupings are listed in Table 1 .
Although species abundance models such as rarefaction (Hurlbert 1971 ) cannot be used to compare species richness for samples collected by dierent methods (Krebs 1989) , the species/specimen curves for dierent taxa collected by the same method were computed using the BIODIV program (Baev & Penev 1995) . Using the initial sample, the program calculates the expected number of species in samples of individuals taken randomly. The results are plotted graphically as`collector curves'.
Results
Approximately 4000 Hemiptera, Coleoptera and Araneae, and 3000 Diptera, individuals were captured, yielding over 480 species. Other taxa identi®ed and counted but not considered further were Acrididae, Panorpidae (one species each), Hymenoptera (20 species), Opiliones (10 species) and Myriapoda (eight species). A summary of the four major taxa caught in pitfalls, swish and D-vac samples is shown in Table 2 . Most species and individuals of Coleoptera and Araneae were found in pitfall trap samples, most Diptera in swish net samples, and most Hemiptera in D-vac samples.
A B U N D A N C E A N D S P E C I E S R I C H N E S S W I T H I N E A C H S A M P L E T Y P E
The pitfall trap, swish net and D-vac samples produced, respectively, 7080, 2786 and 4216 specimens of all invertebrates. The swish net and D-vac samples were combined (7002 specimens), giving approximately equal numbers of individuals in each sample. The most speciose taxa in the pitfall sample (> 10% total) were Coleoptera herbivores, Linyphiidae, acalypterate Schizophora and Staphylinidae, in that order. In the SW/DV sample they were acalypterate Schizophora, Homoptera and Linyphiidae (Table 1 and Fig. 1) . The large proportion of species of herbivorous Coleoptera and acalypterate Schizophora in pitfalls was surprising, but the former taxon contains many root-feeding weevils while many of the latter are carrion feeders drawn to decomposing remains of pitfall victims. Collector curves for the pitfall sample showed that all the Coleoptera and Araneae taxa and the calypterate Schizophora reached a plateau and were therefore reasonably well sampled by the pitfall sampling programme (Fig. 2a) . The Homoptera did not form a plateau despite collection of over 600 individuals. The Heteroptera, Nematocera, Brachycera, Aschiza and acalypterate Schizophora were incomplete due to low numbers.
Collector curves for the SW/DV sample ( Fig. 2b ) showed that the sampling programme was probably adequate for Homoptera, Heteroptera, Coleoptera herbivores, Brachycera, Aschiza, acalypterate Schizophora and Linyphiidae. The Carabidae, Staphylinidae,`other Coleoptera', Nematocera, calypterate Schizophora and`other spider' families were too sparse to give adequate collector curves. Thus only the Coleoptera herbivores and Linyphiidae were comparable in both samples. Collector curves were *Heteroptera: Anthocoridae, Miridae, Nabidae, Neididae, Piesmidae, Rhopalidae, Tingidae. {Homoptera: Cercopidae, Cicadellidae, Cixiidae, Delphacidae. This group is equivalent to Auchenorrhyncha as Aphidoidea and Coccoidea were not identi®ed. {Coleoptera herbivore families: Apionidae, Bruchidae, Byrrhidae, Chrysomelidae, Curculionidae, Elateridae, Hydrophilidae, Nitidulidae.
x`Other Coleoptera' families: Cryptophagidae, Lathridiidae, Leiodidae, Scarabaeidae, Silphidae, Coccinellidae, Cantharidae, Lampyridae, Pselaphidae. {Nematocera: Tipulidae, Anisopodidae, Bibionidae, Cecidomyidae, Mycetophilidae, Scatopsidae, Chironomidae. **Brachycera: Dolichopodidae, Empidae, Rhagionidae, Stratiomyidae. {{Aschiza: Lonchopteridae, Pipunculidae, Syrphidae. {{Acalypterate Schizophora: Trypetidae, Sciomyzidae, Dryomyzidae, Psilidae, Sepsidae, Chamaemyiidae, Helomyzidae, Opomyzidae, Ephydridae, Drosophilidae, Agromyzidae, Chloropidae. xxCalypterate Schizophora: Calliphoridae, Muscidae. {{`Other spider' families: Araneidae, Clubionidae, Gnaphosidae, Liocranidae, Mimetidae, Tetragnathidae, Theriidae, Thomisidae, Zoridae. Fig. 1 . The proportion of total species in the pitfall sample compared with the SW/DV sample for each taxonomic group. The abbreviations used in the diagram are explained in Table 1 .
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V. Standen not calculated for Lycosidae because only ®ve specimens of one species were captured in the SW/DV sample, while in the pitfall sample over 2000 specimens of seven species were caught.
C O M P A R I S O N S B E T W E E N S A M P L E T Y P E S
Abundance Carabidae,`other Coleoptera' families, Staphylinidae, Lycosidae and`other spider' families were relatively more abundant in the pitfall sample, while Homoptera, Heteroptera, herbivorous Coleoptera, Brachycera, Aschiza, acalypterate Schizophora, calypterate Schizophora and Linyphiidae were relatively more abundant in the SW/DV sample (Table  3) .
Species richness
The pitfall traps yielded a total of 307 species and the swish net and D-vac sample (SW/DV) 354 species. The relative species richness of each taxon in pitfall compared with SW/DV samples was the same as for their numerical abundance except for the herbivorous Coleoptera, where more species were found in pitfall traps despite lower abundance (Table 1) . The ratio of individuals to species for all taxa was lower for the SW/DV sample (20 : 1) compared with the pitfall sample (23 : 1). Much of this dierence could be attributed to the large numbers of a few species of Carabidae and Lycosidae in pitfall samples.
Singleton species
Many species were caught once only by a particular method (method singletons) and some species only once by any method (true singletons) (Table 4 ). In the pitfall sample, over 30% of species of Heteroptera, Staphylinidae,`other Coleoptera' families, Brachycera, Aschiza and acalypterate Schizophora were method singletons. The same comparison for the true singletons showed that, of these, Heteroptera, Aschiza and calypterate Schizophora were never found singly in pitfall traps, the dierence indicating that the occurrence of species of these taxa (and Homoptera and other Diptera taxa to a Table 2 . Species richness, and number of method-unique and singleton species of major taxonomic groups caught in pitfall, swish net and D-vac samples. Singleton species were those found only once (a) by each method (method singletons) and (b) by any method (true singletons). Values for SW/DV were calculated from combined raw data for the swish net and D-vac methods
Totals
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lesser extent) as method singletons in the pitfall sample was accidental (Fig. 3a) .
In the SW/DV sample, over 30% of Carabidae, herbivorous Coleoptera,`other Coleoptera' families, Nematocera and calypterate Schizophora were method singletons, whereas only the herbivorous Coleoptera families were substantially less well represented as true singletons, indicating that for most taxa capture by swish net or D-vac was less likely to be accidental (Fig. 3b) .
Comparisons between the proportion of true singleton species in the two sample types showed that, apart from Lycosidae which were never found as singletons, a higher proportion of Coleoptera and Araneae taxa were singletons in the pitfall sample than in the SW/DV sample, while a higher proportion of the Hemiptera and Diptera taxa were singletons in the SW/DV sample compared with the pitfall sample (Fig. 3c) . Less than 5% of Heteroptera, Homoptera, Nematocera, Aschiza and calyp-terate Schizophora were singletons in pitfall traps, but the remaining taxa contained a relatively high proportion of singletons in both sample types.
Species may be found as single specimens because they occur at low density or because they are abundant but not eciently caught by either of the collecting methods. This indicates that more than one method should be used to collect the rarer species of most taxa.
Method-unique species
Many species were found only in one or other sample (Table 4 ) and, for most taxa, there was a tendency for either high uniqueness in SW/DV samples (Heteroptera, Nematocera, Brachycera, Aschiza and acalypterate Schizophora) or, conversely, high uniqueness in pitfall samples (Carabidae, Staphylinidae and Lycosidae).`Other Coleoptera' were relatively highly method-unique in both sample types, while Homoptera, herbivorous Coleoptera, calypterate Schizophora, Linyphiidae and`other spiders' showed low uniqueness in both (Fig. 4) . As the proportion of method-unique species may be distorted by the inclusion of species found`accidentally' by one or other collecting method, the method singleton species were omitted; their removal increased the proportion of species that were method-unique, as illustrated in Fig. 4 where the length and direction of an arrow re¯ects the relative change. The values for Carabidae,`other Coleoptera' families, Nematocera, Brachycera and Aschiza were least reliable as they contained 10 or fewer species in one or other sample type.
There are several reasons for lack of methoduniqueness shown by species in these groups. Some contain families with species that inhabit the vegetation but fall to the ground if disturbed and so are captured in pitfalls as well as by SW/DV technique (e.g. Cicadellidae, Linyphiidae, Elateridae). Another group are the calypterate Schizophora, which are alert, strong¯iers and might be expected to be caught only by the swish net. However, many calypterate species are also attracted to carrion (e.g. Calliphoridae, blow¯ies) and were caught in pitfall traps. Similarly, herbivorous Coleoptera include species that might be expected to be caught mainly by the SW/DV collecting method from the upper layers of vegetation, but it also includes numerous species of Curculionidae (weevils), many of which are root feeders, and hence some species are captured predominantly in pitfall traps and colleagues by D-vac or swish net. The`other spiders' group is arbitrary and it includes families where most species build webs Table 3 . The number of specimens of each lower taxonomic group captured in the pitfall and the combined swish net and D-vac samples. Values for the SW/DV sample were calculated from combined raw data for swish net and Dvac methods. The composition of non-familial groups is shown in Table 1 Pitfall SW/DV Table 4 . The number of method singleton, true singleton and method-unique species in pitfall samples and the combined swish net and D-vac samples. The composition of non-familial groups is shown in Table 1 Method singleton True singleton Method-unique P SW/DV P SW/DV P SW/DV Homoptera  7  7  1  6  1  21  Heteroptera  2  5  0  5  0  14  Carabidae  4  4  4  2  21  3  Staphylinidae  14  5  14  3  28  8  Coleoptera herbivores  12  10  9  3  27  10  Other Coleoptera'  7  5  6  4  15  8  Nematocera  2  7  0  6  2  9  Brachycera  11  7  2  7  4  26  Aschiza  2  8  0  8  1  25  Acalypterate Schizophora  18  22  5  18  13  56  Calypterate Schizophora  5  13  0  8  6  15  Linyphiidae  9  6  5  6  20  15  Lycosidae  0  0  0  0  6  0  Other spider' families  4  2  4  1  10  3 within the vegetation (e.g. Araneidae) and are caught by D-vac, plus others which are nocturnal hunters (e.g. Clubionidae) and caught in pitfall traps.
Discussion
The underlying rationale of the Thrislington sampling programme was to monitor change in species richness of above-ground invertebrates. It was hoped that the chosen methods would collect enough specimens to estimate species richness of a wide range of taxa in the grassland habitat. The pitfall traps were used to capture the mainly epigeal fraction of the total fauna, and the combined swish net and D-vac method for the epiphytic fraction, resulting in two samples. The questions discussed are (i) which collecting technique(s) could be used to estimate species richness of each taxon and (ii) given that the methods collect from dierent microhabitats, what is the extent of species overlap, is one or other method adequate for each taxon or should both be used? Table 1 .
B E U S E D T O E S T I M A T E S P E C I E S R I C H N E S S ?
Taxa sampled adequately by the pitfall method
The pitfall sample collected sucient numbers of all the Coleoptera and Araneae groups to estimate species richness. Apart from the herbivorous Coleoptera, most of the taxa contained predatory species that hunt actively on the surface, while the`other Coleoptera' group contained scavengers that are attracted to the decomposing invertebrates in the pitfall traps (e.g. Silphidae). The pitfall sample also gave a reasonable estimate of species richness for the calypterate Schizophora, which also were attracted to carrion in the traps. The pitfall sample was not adequate for estimating species richness of the remaining Diptera taxa or the Hemiptera. Pitfall traps capture animals from an unknown area and therefore do not measure absolute density and, because they rely on the animals' behaviour, they do not measure relative density either. For example, they over-represent larger carabid species (Spence & Niemela 1994; Ulber & Wolf-Schwerin 1995) and male spiders (Dinter 1995) , the same species are caught dierentially on dierent sites (Briggs 1961) and dierent species are caught dierentially on the same site (Halsall & Wratten 1988) . However, they capture large numbers of individuals continuously. Despite their de®ciencies, pitfalls could be recommended as a collecting technique suitable for monitoring the presence or yearly¯uctua-tions of the epigeal fraction of the Coleoptera and Araneae and, providing the sample is large enough, their species richness also. The calypterate Schizophora were also well represented in the pitfall sample, but special techniques are usually employed for this group.
Taxa sampled adequately by the SW/DV method
The SW/DV sample abundance was adequate to estimate species richness of Heteroptera, Homoptera, Brachycera, Aschiza and acalypterate Schizophora. The Heteroptera and Homoptera are either phytophagous or predatory, clinging to vegetation within the sward, and are captured most eectively by D-vac suction method. Most Diptera tend to escape capture by D-vac either because they visit only the tallest in¯orescences [e.g. hover¯ies (Syrphidae ± Aschiza)] or because they¯y readily when disturbed, but apart from the calypterate Schizophora they were well represented in the swish net samples. It was also possible to estimate species richness for herbivorous Coleoptera and Linyphiidae in the SW/ DV sample. The method was inadequate for the remaining Coleoptera and Araneae taxa and the Nematocera and calypterate Schizophora.
The D-vac technique catches species living on the vegetation (epiphytic) and also many which live on the ground surface. Using the D-vac suction sampler, it is possible to relate numbers captured to the area sampled (Duey 1980 ) and the method was found to be the most successful for Auchenorhyncha (ToÈ rmaÈ la 1982). The new swish net technique also collects from a known area and the combination of D-vac and swish net could be recommended for estimating the density and species richness of the epiphytic fraction of Hemiptera and Diptera (apart from Nematocera and calypterate Schizophora), and of the herbivorous Coleoptera and the Linyphiidae.
S P E C I E S O V E R L A P B E T W E E N S A M P L E S
The Coleoptera herbivores and the Linyphiidae were eectively sampled in both microhabitats, and the Nematocera in neither. The remaining taxa were sampled suciently well to estimate species richness Fig. 4 . The proportion of species in each lower taxonomic group caught in the combined swish net and D-vac suction methods (SW/DV) that were captured uniquely by those methods plotted against the proportion of species in pitfalls captured only in pitfalls. Open circle as a proportion of all species in each group; closed circle as a proportion of all species minus method singletons in each group. The abbreviations used in the diagram are explained in Table 1. in one or other microhabitat and the question then arises as to whether the fraction of the fauna not eectively sampled is a subsample of the other and can be ignored, or whether it is signi®cant and, if so, how best to sample it.
The proportion of method-unique Heteroptera and Homoptera in the pitfall sample and of Lycosidae in the SW/DV sample was very low, and for most purposes non-epiphytic Hemiptera and nonepigeal Lycosidae could be ignored. However, although a higher proportion of Coleoptera and Araneae was method-unique in the pitfall sample, and of Hemiptera and Diptera taxa in the SW/DV sample, there was still a relatively high proportion of species of 11 taxa that were method-unique in both sample types. This indicates that dierent species assemblages characterize the two microhabitats. The observation is supported by the relatively high proportion of singletons of eight taxa found in both samples. The fraction of the fauna of each taxon that was not collected in sucient numbers to estimate species richness should not be disregarded. Either more specimens should be collected by the pitfall or SW/DV method or special techniques should be employed to sample the non-epiphytic Nematocera, Brachycera, Aschiza and acalypterate Schizophora, and the non-epigeal Carabidae, Staphylinidae,`other Coleoptera', calypterate Schizophora and`other spiders'.
The total number of species found in the samples (Table 1) was reasonably accurate for herbivorous Coleoptera and Linyphiidae because adequate specimens were collected in both habitats, and for Heteroptera, Homoptera and Lycosidae because they were more or less con®ned to one or other habitat. For the remaining taxa, the total species was an underestimate of the number actually present because not all microhabitats within the grassland were adequately sampled. The results presented for Thrislington grassland are based on a single sample and cannot be extrapolated to other grasslands, still less to other habitats, but they con®rm the suitability of pitfall traps for sampling the epigeal fraction of the Coleoptera and Araneae taxa, and of suction and netting methods for the epiphytic fraction of Hemiptera and most Diptera taxa.
